Introduction

40
There is considerable debate surrounding the source of 13 C-depleted carbon that was released into 
66
The osmium (Os) isotope composition of seawater (expressed as 187 
101
and Peuker-Ehrenbrink, 2012), but these data have never been replicated in marine mudrocks.
102
This study presents 187 Os/ 188 Os measurements of samples from four organic-carbon enriched 103 marine sedimentary sections spanning the PETM; three of the sections are from the northern
104
Tethys Ocean, and the fourth is from the Arctic Ocean (Fig. 1) 
127
Ma and a Re decay constant of 1.666 x 10 -11 (Smoliar et al., 1996) . The uncertainty of 187 
131
Results
132
The stratigraphy of the Peri-Tethys Ocean records have been discussed in detail by Gavrilov et al.
133
(2003) and Dickson et al. (2014) . All sites contain mudrocks variably enriched in organic carbon by 134 up to ~18 wt%. These mudrocks were deposited during a negative δ 13 C org excursion of ~4‰ 135 (Dickson et al., 2014) , which can be attributed to isotopically light carbon release during the PETM.
136
These features, together with primary biostratigraphic constraints at each site from nannofossil and 137 dinocyst taxonomy, allow the sections to be correlated (Fig. 2 
144
Fatima and Kheu River occur immediately after the first δ 13 C org data point indicating the PETM CIE.
However, fully deciphering the phasing of these lead-lag relationships is limited by the temporal 146 resolution of each record, which is relatively low over the CIE onset due to the limited availability of 147 sample material.
148
There is an increase in 187 
194
The overall increase in seawater 187 Os/ 188 Os during the PETM could have been caused by organic-rich mudrocks, thereby raising the average 187 
217
At steady state, the Os-isotope composition of seawater can be described by mixing 218 between unradiogenic and radiogenic Os input fluxes. The endmember 187 Os/ 188 Os compositions
219
of these fluxes are assumed to be 0.12 and 1.4 respectively (Luck and Allègre, 1983; Peucker-
220
Ehrenbrink and Jahn, 2001). The relative contribution (mole fraction, F) of the radiogenic 221 endmember can be described by:
225
Where subscripts r, s and u denote the radiogenic, seawater and unradiogenic 187 
251
Unradiogenic Os fluxes near the beginning of the PETM
252
Our records contain two key lines of evidence for a phase of volcanism at the onset of the PETM.
253
The first is the short-term transient decrease in 187 Os/ 188 Os (i) of ~0.05 near the base of the CIE at
254
Kheu River and Guru-Fatima (Fig. 4) (the behaviour of 187 Os/ 188 Os (i) at the onset of the PETM is 255 unknown at Dzhengutay, because samples from the lower part of that section were not sampled).
256
The similarity between the observed 187 187 Os/ 188 Os was likely to have been at least a regional 259 phenomenon. The timings of the 187 Os/ 188 Os decrease at each site are consistent, beginning near the base of the negative δ 13 C org excursion, and ending within nannofossil zone NP 9 (Fig. 3) .
261
These features constrain the duration of the transient stratigraphic shift in 187 (Fig. 3) . These observations confirm that the addition of unradiogenic Os to 
283
The second line of evidence for volcanism near the onset of the PETM comes from the 284 sharp increase in the 187 Os/ 188 Os (i) of Arctic Ocean seawater below the onset of the PETM at Site
285
M0004A that is not observed in a similar stratigraphic position at any site outside the Arctic Basin
286
( Fig. 2) . This shift is interpreted to record a short interval (between 390.66−388.63 mcd) when 287 hydrological restriction became sufficiently pronounced so as to cause the 187 Os/ 188 Os of Arctic 
294
The relative ages noted here should therefore be treated with a degree of caution.
295
The temporary period of pronounced hydrographic restriction at Site M0004A is consistent 
303
as hydrological restriction in the basin became more pronounced (Fig. 1) .
304
The temporary period of marked hydrological restriction in the Arctic Ocean preceding the 305 onset of the PETM could have been caused by the tectonic uplift of the North Atlantic seaway.
306
Evidence suggesting a regional relative sea-level (RSL) fall of >200 m is associated with the 
